IN THE FIRST PATIENTS we treated with percutaneous transluminal coronary angioplasty (PTCA) serial bicycle exercise tests were done in an ongoing prospective study to determine the immediate and long-termn functional outcome of the operation. Comparisons were possible between patients in whom PTCA was successful and those in whom it failed and who underwent subsequent coronary artery bypass grafting (CABG). Previous studies have shown that PTCA is able to restore coronary blood flow, alleviate symptoms, and improve left ventricular perfusion and work capacity. 1' Other reports have addressed the topic of the use of exercise tests to determine outcome ifi patients who undergo CABG5-15; in some of these studies results were compared with those in a group receiv-
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Patients and methods
Between September 1977 and October 1980 -a total of 169 patients underwent PTCA at the University Hospital of Zurich.
All of them suffered from symptomatic coronary artery disease despite adequate drug therapy with nitrates, ,B-blockers, and calcium antagonists. As a prerequisite, they were accepted for and agreeable to bypass surgery. Table I shows the in-hospital complications, measures, and triage of these 169 consecutive patients. Nine patients (5%) were not available for follow-up exercise tests for reasons explained below. Table 2 lists some general characteristics of the remaining 160 patients constituting our study group. Successful PTICA. Primary success according to the National Heart, Lung and Blood Institute definition (reduction of degree of diameter narrowing by Ba 20%)16 and improvement of symptoms were achieved in 134 patients (80%). Of these 134 patients 62 (46%) remained on antianginal drug therapy. This figure subsequently increased to 58%. Recurrences occurred in 35 patients (26%) 1 to 9 months (mean 5 months) after PTCA. These were evidenced, in all cases, by angiographically measured loss of >50% of initial diameter gain and, in most cases, by conversion of stress test results from negative to positive and recurrence of previously abolished symptoms. Sixteen patients were redilated with lasting success and 16 underwent CABG Table 3 depicts how often these factors led to termination of the tests in both groups and after the therapeutic intervention.
The protocol used for all exercise tests is illustrated in figure  1 . Routinely stages I, II, III, IV, and V meant bicycle settings at 50, 75, 100, 125, and 150 W, respectively. However, occasional modifications of the watt selection were necessary due to inherent patient factors such as poor conditioning of the heart and technical difficulties in riding the bicycle. The scoring was based on the assumption that the work capacity should refer to a steady-state level that can be achieved in 3 to 5 min.22 24There-fore, the highest stage completed (i.e., 5 min for first stage and 3 min for subsequent stages) was the determination of the actual work capacity (in W) used to grade the exercise performance. This avoids basing the results on a short peak effort, which sometimes is more dependent on the patient's willpower than his circulation. To adjust for sex, age, and height, each of which 
Results
Positive stress test results before the intervention were found in 97% of patients in whom PTCA was successful and in 96% of patients in whom it failed and who underwent subsequent CABG (table 3) . At the most recent follow-up examination results were positive in 34% and 36%, respectively. Initially, chest pain 16) ,p<005
Values are mean ± SD. Before = test before therapeutic intervention; after = test immediately after PTCA; follow-up = last available test or test before repeat intervention. 798 and ST shifts largely constituted the reasons for termination of the stress tests (table 3). Successful PTCA reduced the incidence of chest pain during exercise testing from 97% to 23% and the incidence of ST depression from 72% to 21% from the time of the first to the time of the last test (which was the test performed at the time of recurrence, if an additional intervention was required). The respective figures for CABG were 89% to 29% for chest pain and 82% to 14% for ST depression. Inversely, the number of patients achieving their age-and sex-adjusted target heart rates increased from 1% to 36% after PTCA and from 4% to 32% after CABG. There was also an approximately fourfold increase in fatigue as reason for termination of the test after both PTCA and CABG. Table 4 and figure 2 show that exercise performance expressed by the actual watt value or by the percentage of an age-, sex-, and height-adjusted target value significantly improved as a result of surgical intervention both in patients in whom PTCA was successful and in patients who underwent CABG (emergency or elective) after failure of PTCA. Figure 3 indicates that exercise performance of patients in whom PTCA was successful was additionally improved during the first year after the intervention and remained stable after- ward. Exercise performance of patients who underwent CABG remained unchanged at a level significantly lower than that in PTCA patients. For these statistics, tests indicating a recurrence were used as the latest follow-up test if the recurrence prompted the use of another invasive procedure. Results from drugtreated patients with recurrences (three in PTCA group and eight in CABG group), however, were continuously included. Figure 4 illustrates data from patients with continued success after PTCA, from those with a recurrence treated medically, and from those with a recurrence treated with an additional invasive procedure, be it repeat PTCA, CABG, or both. The trough during the first year in the group of patients who underwent a second procedure illustrates the recurrence rate (drop to pre-PTCA exercise tolerance) and the benefit of the second interventional procedure. diagnosis of coronary artery disease on the basis of exercise test results26' 27 since the diagnosis is already established and is not the issue. The exercise test schedule should include a preoperative test if at all possible. Repetitions early after PTCA and 3, 6, 12, 24, 36, etc., months after both PTCA and CABG seem appropriate, if complemented by additional tests whenever symptoms change.
Bicycle ergometry was used in this study to assess exercise performance. Its advantages over treadmill tests are greater stress on the cardiovascular system28 and an easy and quite accurate readout of the actual amount of work performed. If desirable, inherent patient variables can be eliminated by indicating the actual work performed as a percentage of a target work capacity adjusted for age, sex, and height of the patient. This was not of great importance in this study, since the compared groups were matched (table 2) and since intrapatient changes were of main interest.
Antianginal drugs were not withheld before the exercise tests and may have blunted, but certainly not boosted, the beneficial effect of the interventions. According to the selection criteria all patients were initially on adequate combination therapy. After successful PITCA 46% and after CABG 45% of the patients remained on antianginal therapy (table 1), usually on reduced doses. The reason for continuing the drug therapy was not uniform but was predominantly of a preventive nature. On the occasion of the most recent stress test, the percentages of patients on antianginal therapy were 58% for PITCA and 57% for CABG. Other authors have reported continuation of drug therapy after CABG in 25% to 65% of their patients. 9' 10, 12,14, 15 Positive angiographic studies to occur during the first months after the procedure,' is more likely to be responsible for this than the gradual exclusion of patients with recurrences. As shown in figure 4 , deletion of data indicating recurrences does not affect this improvement trend.
The frequent repetition of stress tests, resulting in improved technique and in stimulation of patients to gain and maintain physical fitness, may also have contributed to the improvement during the first year. However, this training effect should be common to all groups. In the group of patients who were treated with drugs and suffered recurrences (three patients with recurrence by angiographic criteria without symptoms), there was improvement during the first year. This improvement was even pronounced due to an outstanding performance (175 W) of one of the three patients at 1 year. The surgical group, however, showed only a minimal increment in work capacity between the test at 6 months and the test at 1 year. This indicates that the training effect was not a major factor in the postinterventional improvement observed in the PTCA group. At 2 and 3 years the actual work capacity of patients needing surgery after failure of PICA was significantly inferior to that of patients who underwent PICA alone. At 4 years the numbers were too small for a valid comparison. Excluding data from patients who had evidence of recurrence but underwent no further procedure (three in PTCA group, eight in CABG group) diminishes the difference between PTCA and CABG patients to below the significance level (figures 4 and 5). Obviously, the threshold indicating the need to perform repeat operation was higher after CABG than after PTCA. Thus, recurrent symptoms reducing exercise tolerance were invasively treated in patients after PICA, but not in patients after CABG, which compromised the mean outcome in the CABG group and was partially responsible for their less favorable long-term outcome. The stable course in both groups after the first year (figure 3) at a level significantly higher than before the intervention reflects that there is indeed a lasting benefit from both procedures.
The surgical results presented here compare favorably to previous reports of patients undergoing surgery without preceding attempt of PTCA; Nitter-Hauge5 reported an improvement in the work capacity of patients after CABG of up to 60% of that of age-matched normal subjects. Sivertssen et al. 6 found a 65% increase in work capacity after CABG. As for the comparison between surgical and drug treatment, several studies have shown improved exercise tolerance in both surgically and drug-treated patients, but the improvement was always significantly greater in the surgical groups.,'" In three studies exercise tolerance was found to be improved in the surgical groups, but not in the drug-treated control groups.12' 13, 5 The recurrence rate of symptoms of 26% (8/31 patients) over more than 2 years in our surgical group is in keeping with the occlusion rate in single vein grafts of 20% reported from the Cleveland Clinic29 or the 40% attrition rate of at least one bypass graft reported by the Veterans Administration Cooperative Study '2 for the time span of approximately1 year. (For comparison, the recurrence rate of our patients with successful PTCA was also 26%.)
It is of note that in both the group in which PTCA was successful and in the CABG group recurrences only occurred within the first 9 months (mean 5 months) after the procedure.
Patients with single-vessel disease showed better exercise performance than those with multivessel disease after both PTCA and CABG (figure 6). However, the differences were not statistically significant.
We conclude that successful PTCA and CABG practically normalize exercise capacity, as assessed by bicycle ergometry. They also achieve durably negative test results in approximately two-thirds of the patients. Results are slightly better after PTCA than after CABG done for failed PITCA. Failure of PTCA preceding CABG does not seem to compromise the functional result of the surgery, regardless whether it is performed on an emergency basis immediately after the PTCA attempt or electively.
